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Cross Reference to Related Application 

08/83, ™ T!T\ " 3 ° f " — «*— with Serial No. 

08/83..266, fifed Mareh31, 19,7 and entified .. M0VIN0 SECTORS 

INFORMATION IN A FLASH MEMORY MASS STORAGE ARCHITECTURE^wbhto is a 
co^ttafion-in-par. of anotlter prior U.S. appBcaioa with Serial No. 08/509,706, fUed My 3, 
1995 and entitled "DIRECT LOGICAL BLOCK ADDRESSING FLASH MEMORY mIss 
STORAGE ARCHITECTURE". MEMORY MASS 

Field of the Invention 

This invention relates to the field of mass storage for computers. More particularly (his 
mvennon rotate, to an (.^.^ disk ^ , 

memory and in particular flash memory. 

Description of the Prior Art 

data, programs and infonnaion. Though wide,, nsed and commonly accepted, such hard disk 
dnves suffer from a varie* of deficiencies. B« of a* rotaio „ of fte ^ ^ fc _ 
inherent latency in extracting information from a hard disk drive. 

Otoer emblems am especially dmmatic to poriaMe «m„ntte„, ,„ parf^, M disks 
. areu^ble to withstand many of toe kinds of physic* shock that a portehle center will like!, 
sustam. Furtoer, toe motor for rotaung toe disk consumes significant amounts of power 
decreasing toe battery life for portable computers. 

Solid state memory is an ideal choice for replacing a hard disk drive for maas storage 
because i, « re*,,™ toe pre-Wems cited above. Potato., so.utions have been pmposed for 
replactogabarddiak drive with a semiconductor memory. For soch a system te be truly useful 



1 



WO 99/18509 



PCT/US98/2I107 



the memory must be nonvolatile and alterable. The inventors have determined that FLASH 
memory is preferred for such a replacement. 

FLASH memory is a transistor memory cell which is programmable through hot 
electron- source injection, or tunneling, and erasable through Fowler-Nordheim tunneling. The 
programming and erasing of such a memory cell requires current to pass through the dielectric 
surrounding floating gate electrode. Because of this, such types of memory have a finite number 
of erase-write cycles. Eventually, the dielectric deteriorates. Manufacturers of FLASH cell 
devices specify the limit for the number of erase-write cycles between 100,000 and 1.000,000. 

One requirement for a semiconductor mass storage device to be successful is that its use 
in lieu of a rotating media hard disk mass storage device be transparent to the designer and the 
user of a system using such a device. In other words, the designer or user of a computer 
incorporating such a semiconductor mass storage device could simply remove the hard disk and 
replace it with a semiconductor mass storage device. All presently available commercial 
software should operate on a system employing such a semiconductor mass storage device 
without the necessity of any modification. 

SanDisk proposed an architecture for a semiconductor mass storage using FLASH 
memory at the Silicon Valley PC Design Conference on July 9, 1991 . That mass storage system 
included read-write block sizes of 512 Bytes to conform with commercial hard disk sector sizes. 
Earlier designs incorporated erase-before-write architectures. In this process, in order to update 
a file on the media if the physical location on the media was previously programmed, it has to 
be erased before the new data can be reprogrammed. 

This process would have a major deterioration on overall system throughput When a 
host writes a new data file to the storage media, it provides a logical block address to the 
peripheral storage device associated with this data file. The storage device then translates this 
given logical block address to an actual physical block address on the media and performs the 
write operation. In magnetic hard disk drives, the new data can be written over the previous old 
data with no modification to the media. Therefore, once the physical block address is calculated 
from the given logical block address by the controller, it will simply write the data file into that 
location. In solid state storage, if the location associated with the calculated physical block 
address was previously programmed, before this block can be reprogrammed with the new data, 
it has to be erased. In one previous art, b erase-before-write architecture where the correlation 
between logical block address given by the host is one to one mapping with physical block 
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address on the nsrfia. This meIhod te _ ^ , ( ^ 

state flash, erase is a very slow process. 

and another which is fetptently ^ pQf ^ . conlmmja , ^ ^ ^ w- 
spread she, fifes „, word preening documents « changed ^ ^ 

he mformarion ^ ^ „ ^ ^ ^ ^ ^ _ ^ ^ ^ ^ 
because of iK insmsMvity „ daa ^ .„ , FUSH memory ^ ^ ^ ^ 

of the mass storage. 

In another arcbitectore. ftc i„ ventors , ^ ^ ^ _ 

— g the logic* block address to ft, physical blocl[ ^ ^ imaaiom ^ 
** solunon are disclosed in U.S. Patom Application serin, numter 08/038,668 fifed on March 

' LZr™ UA H "" " 8W ' - US - W serial 
, OS/037.893, now U.S. P»« No. 5,479.638, *, «W „„ Max* 26, .993. Those applicanons 
are incorporated hereto by reference, 

^ ~*prt™ous solunon di^ 
hardware architecture for a semiconductor mass storage device, ft win be understood ft. -dato 
file" ,n this patent document refers to any computer file inciuding commercial software n user 
progrnm. word processing software document, spread sheet fiie and the Uke. The firs, algorithm 
m me previous solution ptovides means for avoiding an emse operation when writing . modified 
data fife bach onto the mnss storage device. tastoad. m, erase is performed and the modified dnta 
file is written onto an empty portion of the muss storage. 

The semiconductor mass storage architecture has blocks sized ,„ conform with 
commercial hard disk sector sizes. The hiocks are todividuaUy emsnbfe. In one embodiment 
die semiconductor mnss storage can he subsdtufed for a roaring hard disk with no impnc, to foe 
user, so fta, such a subsritnrion wiu be transparent. M «ns nre provided for avoiding the emse- 
before-wnte cycle each time information stored in the mass stomge is changed. 

According to ft. firs, algorithm, emse cycle, nre avoids by progmnuning an altered 
daa file into « ^ bloct ^ wou|d ^ ^ ^ ^ ^ 
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mass storage because the central processor and commercial software available in conventional 
computer systems are not configured to track continually changing physical locations of data 
files. The previous solution includes a programmable map to maintain a correlation between the 
logical address and the physical address of the updated information files. 

All the flags, and the table correlating the logical block address to the physical block 
address are maintained within an array of CAM cells. The use of the CAM cells provides very 
rapid determination of the physical address desired within the mass storage, generally within one 
or two clock cycles. Unfortunately, as is well known, CAM cells require multiple transistors, 
typically six. Accordingly, an integrated circuit built for a particular size memory using CAM 
storage for the tables and flags will need to be significantly larger than a circuit using other 
means for just storing the memory. 

The inventors proposed another solution to this problem which is disclosed in U.S. 
Patent Application serial number 08/131,495, now U.S. Patent No. 5,485,595, filed on October 
4. 1993. That application is incorporated herein by reference. 

This additional previous solution invented by these same inventors is also for a 
nonvolatile memory storage device. The device is also configured to avoid having to perform an 
erase-before-write each time a data file is changed by keeping a correlation between logical 
block address and physical block address in a volatile space management RAM. Further, this 
invention avoids the overhead associated with CAM cell approaches which require additional 
circuitry. 

Like the solutions disclosed above by these same inventors, the device includes circuitry 
tor performing the two primary algorithms and an associated hardware architecture for a 
semiconductor mass storage device. In addition, the CAM cell is avoided in this previous 
solution by using RAM cells. 

Reading is performed in this previous solutions by providing the logical block address to 
the memory storage. The system sequentially compares the stored logical block addresses until it 
finds a match. That data file is then coupled to the digital system. Accordingly, the 
performance offered by this solution suffers because potentially all of the memory locations 
must be searched and compared to the desired logical block address before the physical location 
of the desired information can be determined. 

What is needed is a semiconductor hard disk architecture which provides rapid access to 
stored data without the excessive overhead of CAM cell storage. 



4 



PCT/US98/2I107 



SUMMARY OF THE INVENTION 

The present invention is for a nonvolatile memory storage device. The device is 
configured to avoid having to perform an erase-before-write each time a data file is changed 
Further, to avoid the overhead associated with CAM cells, this approach utilizes a RAM array 

The host system maintains organization of the mass storage data by using a logical block 
address. The RAM array is arranged to be addressable by the same address as the logical block 
addresses (LBA) of the host. Each such addressable location in the RAM includes a field which 
holds the physical address of the data in the nonvolatile mass storage expected by me host This 
Physical block address (PBA) information must be shadowed in the nonvolatile memory to 
ensure that the device will still function after resuming operation after a power down because 
RAMs are voiatile memory device, In addition, status flags are also stored for each physical 
location. The status flags can be stored in either the nonvolatile media or in both the RAM and 
in the nonvolatile media. 

The device ™ lud<s amitty for pHfclming ^ ^ ^ ^ 

hardware archie for a a^co^, ^ ^ ^ m ^ _ 

: means for mapping of host logicai Mock addr«s to phvaics, block ^ mch 
performs and rninirral todwar. assiso, ,„ addition, .ha second aigoridnn providaa menmt 
for avoiding an em*-before.write cycie when writing a modified da., fiie back onto the maaa 

storage device, instead, no emsa is performed and the modified data fde is wrinen „„,„ an empty 

portion of the mass storage. 

Reading is performed in the present invention by providing the logical block address to 

the memory storage. The RAM array is arranged so that the logical block address selects one 

RAM location. That location contains the physical block address of the data requested by the 

host or other external system. That data file is then read out to the host. 

According to the second algorithm, erase cycles are avoided by programming an altered data file 
mto an altered data mass storage block rather than itsetf after an erase cycle of the block as done 
on previous arts. 

In an alternative embodiment of the present invention, a method and apparatus is 
presented for efficiently moving sectors within a block from a first area within the nonvolatile 
memory to an unused area within the nonvolatile memory and marking the first area as "used" 
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Briefly, A preferred embodiment of the present invention includes a method and 
apparatus for storing mapping information for mapping a logical block address identifying a 
block being accessed by a host to a physical block address, identifying a free area of nonvolatile 
memory, the block being selectively erasable and having one or more sectors that may be 
5 individually moved. The mapping information including a virtual physical block address for 
identifying an "original" location, within the nonvolatile memory, wherein a block is stored and 
a moved virtual physical block address for identifying a "moved" location, within the 
nonvolatile memory, wherein one or more sectors of the stored block are moved. The mapping 
information further including status information for use of the "original" physical block address 
10 and the "moved* 7 physical block address and for providing information regarding "moved" 
sectors within the block being accessed. 



IN THE DRAWINGS 

Figure I shows a schematic block diagram of an architecture for a semiconductor mass 
1 5 storage according to the present invention. 

Figure 2 shows an alternative embodiment to the physical block address 102 of the RAM 
storage of Figure 1. 

Figure 3 shows a block diagram of a system incorporating the mass storage device of the 
present invention. 

20 Figures 4 - 8 show the status of several of the flags and information for achieving the 

advantages of the present invention. 

Figure 9 shows a flow chart block diagram of the first algorithm according to the present 
invention. 

Figure 1 0 shows a high-level block diagram of a digital system, such as a digital camera, 
25 including a preferred embodiment of the present invention. 

Figures 11-21 illustrate several examples of the state of a mapping table that may be 
stored in the digital system of Figure 10 including LBA-PBA mapping information. 

Figure 22 depicts an example of a nonvolatile memory device employed in the preferred 
embodiment of Figure 10. 
30 Figure 23 shows a high-level flow chart of the general steps employed in writing a block 

of information to the nonvolatile devices of Figure 10. 
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lookup table in SPM RAM 548. ™" tt * 

«ml»diment described in Figs. 24-26. 

Figums 29 - 40 depict eaunples of toe mnttMs of ^ spM ^ |ook 
accordance with the prefab „ ^ ^ ^ ^ 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Ftgwe , show, an architect for implementation of a solid stam storage media 
CcurAng ,o the presen, invention. Tbe aorage medll „ for „ . ^ „ ^ 

nonvolatile array '04. According to the perfect embodbnen, „, 0 f ^ „_ 
s-age is FLASH, The FLASH may be rep,aced b y EEPROM. The RAM can be of Zy 
■ convenient type. ^ 

^^^^elMis^gedintoNblcclaofdMftatnzerodnnngbN-l Bad, 

numbers of bytes ,„ store ft. flags and iogica, bW address (LBA) iufcrmation and the 
assocated ECC. The memory ,04 can ennui, as much memo* storage as a user desires An 
exanple of a mass storage device might include 100 M Byte of addressable stomge 

There are a phuulity of RAM locations 102. Each RAM location ,02 is unique,, 

host sysmm or One ac.ua, physica! address of the nonvolatfle media TTte RAM location 102 
cousins the physic block address of the dam associated whh the iogical block address and d,e 
flags associated with a physical block address on the nonvolatile media 

I. is possible ta dre physica, block address (PBA) can be spih into two f.e,ds as shown 
Ftgure 2. Ttee fields can be used for cluster address* of a group of dm. blocks. The firs, 
such field 290 is used m select a cluster addmss and the second such field 292 can be used to 
select the sum address of the logical block address associated with this cluster 
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A collection of information flags is also stored for each nonvolatile memory location 
106. These flags include an old/new flag 110, a used/free flag 112, a defect flag 1,14, and a 
single/sector flag 1 1 6. Additionally, there is also a data store 122. 

When writing data to the mass storage device of the present invention, a controller 
5 determines the first available physical block for storing the data. The RAM location 102 
corresponding to the logical block address selected by the host is written with the physical block 
address where the data is actually stored within the nonvolatile memory array in 104 (Figure 1). 

Assume for example that a user is preparing a word processing document and instructs 
the computer to save the document. The document will be stored in the mass storage system. 

1 0 The host system will assign it a logical block address. The mass storage system of the present 
invention will select a physical address of an unused block or blocks in the mass storage for 
storing the document. The address of the physical block address will be stored into the RAM 
location 102 corresponding to the logical block address, As the data is programmed, the system 
of the present invention also sets the used free flag 1 12 in 104 and 293 to indicate that this block 

1 5 location is used. One used/free flag 1 12 is provided for each entry of the nonvolatile array 1 04. 

Later, assume the user retrieves the document, makes a change and again instructs the 
computer to store the document. To avoid an erase-before-write cycle, the system of the present 
invention provides means for locating a block having its used/free flag 112 in 100 unset (not 
programmed) which indicates that the associated block is erased. The system then sets the 

20 used/free flag for the new block 112 of 106 and 293 of 100 and then stores the modified 
document in that new physical block location 106 in the nonvolatile array 104. The address of 
the new physical block location is also stored into the RAM location 102 corresponding the 
logical block address, thereby writing over the previous physical block location in 102. Next, the 
system sets the old/new flag 1 10 of the previous version of the document indicating that this is 

25 an old unneeded version of the document in 1 1 0 of 104 and 293 of 1 09. In this way, the system 
of the present invention avoids the overhead of an erase cycle which is required in the erase- 
before-write of conventional systems to store a modified version of a previous document. 

Because of RAM array 100 will lose its memory upon a power down condition, the 
logical block address with the active physical block address in the media is also stored as a 

30 shadow memory 1 08 in the nonvolatile array 104. It will be understood the shadow information 
will be stored into the appropriate RAM locations 102 by the controller. During power up 
sequence, the RAM locations in 100 are appropriately updated from every physical locations in 
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104, by reading the information 106 of 104. The logical address 108 of 106 is used to address 
the RAM location of 100 to update the actual physical block address associated .with the given 
loped block address. Also since ,06 is the actual physical block address associated with the 
new data 122, the flags 110. 112, 114, and 116 arc updated in 293 of 102 with the physical block 
address of 106 in 100. It wilf be apparent to one of ordinary skill in the art that the flags can be 
stored m either the appropriate nonvolatile memory location 106 or in both the nonvolatile 
memory location and also in the RAM location 102 associated with the physical block address. 

During power up, in order to assign the most recent physical block address assigned to a 
logical block address in the volatile memory 100, the controller will first read the Flags 110 
112. 114, and 116 portion of the nonvolatile memory 104 and updates the flags portion 293 in 
the volatile memory 100. Then it reads the logical block address 108 of everv physical block 
address of the nonvolatile media 104 and by tracking the flags of the given physical block 
address in the volatile memory 100, and the read logical block address of the physical block 
address in the nonvolatile memory 104. it can update the most recent physical block address 
assigned to the read logical block address in the volatile memory 100. 

Figure 3 shows a block diagram of a system incorporating the mass storage device of the 
present invention. An external digital system 300 such as a host computer, personal computer 
and the like is coupled to the mass storage device 302 ofthepresent invention. A logical block 
address is coupled via an address bus 306 to the volatile RAM array 100 and to a controller 
circuit 304. Control signals are also coupled to the controller 304 via a control bus 308 The 
volatile RAM array LOO is coupled for providing the physical block address to the nonvolatile 
RAM array 400. The controller 304 is coupled to control both the volatile RAM 100. the 
nonvolatile array 104, and for the generation of all flags. 

A simplified example, showing the operation of the write operation according to the 
present invention is shown in Figures 4 through 8. Not all the information flags are shown to 
avoid obscuring these features of the invention in excessive detail. The data entries are shown 
using decimal numbers to further simplify the understanding of the invention. It will be 
apparent to one of ordinary skill in the art that in a preferred embodiment binary counting will be 
used. 

Figure 4 shows an eleven entry mass storage device according to the present invention. 
There is no valid nor usable data stored in the mass storage device of Figure 4. Accordingly, all 
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the physical block addresses are empty. The data stored in the nonvolatile mass storage location 
'6' is filled and old. Additionally, location 9' is defective and cannot be used. 

The host directs the mass storage device of the example to write data pursuant to the 
logical block address '3' and then to '4'. The mass storage device will first write the data 
associated with the logical block address '3'. The device determines which is the first unused 
location in the nonvolatile memory. In this example, the first empty location is location '0'. 
Accordingly, Figure 5 shows that for the logical block address '3\ the corresponding physical 
block address '0' is stored and the used flag is set in physical block address '0\ The next empty 
location is location T. Figure 6 shows that for the logical block address '4', the corresponding 
physical block address T is stored and the used flag is set in physical block address T. 

The host instructs that something is to be written to logical block address '3' again. The 
next empty location is determined to be location '2'. Figure 7 shows that the old flag in location 
'0' is set to indicate that this data is no longer usable, the used flag is set in location '2' and the 
physical block address in location '3' is changed to T. 

Next the host instructs that something is to be written to logical block address '4' again. 
The next empty location is determined to be location *3\ Figure 8 shows that the old flag in 
location T is set to indicate that this data is no longer usable, the used flag is set in location '3' 
and the physical block address in location '4' is changed to '3'. (Recall that there is generally no 
relation between the physical block address and the data stored in the same location.) 

Figure 9 shows algorithm 1 according to the present invention. When the system of the 
present invention receives an instruction to program data into the mass storage (step 200), then 
the system attempts to locate a free block (step 202), i.e., a block having an unset (not 
programmed) used/free flag. If successful, the system sets the used/free flag for that block and 
programs the data into that block (step 206). 

If on the other hand, the system is unable to locate a block having an unset used/ free 
flag, the system erases the flags (used/free and old/new) and data for all blocks having a set 
old/new flag and unset defect flag (step 204) and then searches for a block having an unset 
used/free flag (step 202). Such a block has just been formed by step 204. The system then sets 
the used/flag for that block and programs the data file into that block (step 206). 

If the data is a modified version of a previously existing file, the system must prevent the 
superseded version from being accessed. The system determines whether the data file 
supersedes a previous data file (step 208). If so, the system sets the old/new flag associated with 
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.he S up OT ed rf block(^2 l 0Mfon,heoto tad , lhedaafiletotesBredisanewlyci ^ 
*- <il=, *e «, of*** to old/new .tag ( stt p 210) fa skipped tec™* to* is superceded 
block. Lasdy, to ™p for coding to iogi*,, ^ 30s . „ fc ^ 
(step 212). 

By following the procedure outlined above, the overhead associated with an erase cycle 
,S aV ° lded fOT C3Ch ^ to ^ memor y except for periodically. This vastly improves the 
performance of the overall computer system employing the architecture of the present invention 
In the preferred embodiment of the present invention, the programming of the flash memory 
follows the procedure commonly understood by those of ordinary skill in the art. In other 
words, the program impulses are appropriately applied to the bits to be programmed and then 
comparedtothedatabein^ ^ 
event that a bit fails to be erased or programmed properly, a defect flag , 48 is set which prevent 
that block from being used again. 

Fig. 10 depicts a digital system 500 such as a digital camera employing an alternative 
embod.men, of the present invention. Digital system 500 is illustrated to include a host 502 
■ wmch may be a personal computer (PC) or simply a processor of any generic type commonly 
employed m digital systems, coupled to a controller circuit 506 for storing in and retrieving 
information from non-volatile memory unit 508. The controller circuit 506 may be a 
seunconductor (otherwise referred to as an "integrated circuit" or "chip") or optionally a 
combination of various electronic components. In the preferred embodiment, the controller 
cuxun is depicted as a single chip device. The non-volatile memory unit 508 is comprised of 
more memory devices, which may each be flash or EEPROM types of memory In the 
preferred embodiment of Fig. 10, memory unit 508 includes a plurality of flash memory devices 
510 - 512, each flash device includes individually addressable locations for storing information 
In the preferred application of the embodiment in Fig. 10, such information is organized in 
blocks with each block having one or more sectors of data. In addition to the data, the 
mformatron being stored may further include status information regarding the data bbeks, such 
as flag fields, address information and the like. 

The host 502 is coupled through host information signals 504 to a controller circuit 506 
The host information signals comprise of address and data busses , and control signals for 
commurucating command, data and other types of information to the controller circuit 506 
which m turn stores such information in memory unit 508 through flash address bus 512 flash 
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data bus 514, flash signals 516 and flash status signals 518 (508 and 513-516 collectively 
referred to as signals 538). The signals 538 may provide command, data and status information 
between the controller 506 and the memory unit 508. 

The controller 506 is shown to include high-level functional blocks such as a host 
interface block 520, a buffer RAM block 522, a flash controller block 532, a microprocessor 
block 524, a microprocessor controller block 528, a microprocessor storage block 530, a 
microprocessor ROM block 534, an ECC logic block 540 and a space manager block 544. The 
host interface block 520 receives host information signals 504 for providing data and status 
information from buffer RAM block 522 and microprocessor block 524 to the host 502 through 
host information signals 504. The host interface block 520 is coupled to the microprocessor 
block 524 through the microprocessor information signals 526, which is comprised of an address 
bus. a data bus and control signals. 

The microprocessor block 524 is shown coupled to a microprocessor controller block 
528, a microprocessor storage block 530 and a microprocessor ROM block 534, and serves to 
direct operations of the various functional blocks shown in Fig. 10 within the controller 506 by 
executing program instructions stored in the microprocessor storage block 530 and the 
microprocessor ROM block 534. Microprocessor 524 may, at times, execute program 
instructions (or code) from microprocessor ROM block 534, which is a non-volatile storage area. 
On the other hand, microprocessor storage block 530 may be either volatile, i.e., read-and-write 
memory (RAM), or non-volatile, i.e., EEPROM, type of memory storage. The instructions 
executed by the microprocessor block 524. collectively referred to as program code, are stored in 
the storage block 530 at some time prior to the beginning of the operation of the system of the 
present invention. Initially, and prior to the execution of program code from the microprocessor 
storage location 530, the program code may be stored in the memory unit 508 and later 
downloaded to the storage block 530 through the signals 538. During this initialization, the 
microprocessor block 524 can execute instructions from the ROM block 534. 

Controller 506 further includes, a flash controller block 532 coupled to the 
microprocessor block 524 through the microprocessor information signals 526 for providing and 
receiving information from and to the memory unit under the direction of the microprocessor. 
Information such as data may be provided from flash controller block 532 to the buffer RAM 
block 522 for storage (may be only temporary storage) therein through the microprocessor 
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signals 526. Similarly, through the microprocessor signals 526, data may be retrieved from the 
buffer RAM block 522 by the flash controller block 532. 

ECC logic block 540 is coupled to buffer RAM block 522 through signals 542 and 
rurthercoup^ ^ 

block 540 includes circuitry for generally performing error coding and correction functions It 
should be understood by those skilled in the art that various ECC apparatus and algorithms are 
commercially available and may be employed to perfonn the functions required of ECC logic 
block 540. Briefly, these functions include appending code that is for all intensive purposes 
umquely generated from a polynomial to the data being transmitted and when data i s received 
•»ug the same polynomial to generate another code from the received data for detecting and 
potentmliy correcting a predetermined number of errors that may have corrupted the data ECC 
logic Mock 540 performs error detection and/or correction operations on data stored in the 
memory unit 508 or data received from the host 502. 

The space manager block 544 employs a preferred apparatus and algorithm for finding 
the next unused (or free) storage block within one of the flash mem0 ry devices for storing a 
block of information, as will be further explained herein with reference to other figures As 

Whkh " deteimined * * by performing a translation on an LBA 

received from the host A variety of apparatus and method may be employed for accomplishing 
this translation. An example of such a scheme is disclosed in U.S. Pat. No. 5,485 595 entitled 
Flash Memory Mass Storage Architecture Incorporating Wear Leveling Technique Without 
Usmg CAM Cells", the specification of which is herein incorporated by reference. Other LBA 
to PDA translation methods and apparatus may be likewise employed without departing from the 
scope and spirit of the present invention. 

Space manager block 544 includes SPM RAM block 548 and SPM control block 546 
the latter two blocks being coupled together. The SPM RAM block 548 stores the LBA-PBA 
mappmg information (otherwise herein referred to as translation table, mapping table, mapping 
mformauon, or table) under the control of SPM control block 546. Alternatively, the SPM RAM 
block 548 may be located outside of the controller, such as shown in Fig. 3 with respect to RAM 
array 100. 

In opera.™, fte hos, 502 writes and «ada information from and «, ft, rmmmry urn, 50. 
dormg for example, tire performs rf , ^ „ ^ ^ ^ ^ ^ 
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so doing, the host 502 provides an LBA to the controller 506 through the host signals 504. The 
LBA is received by the host interface block 520. Under the direction of the microprocessor 
block 524, the LBA is ultimately provided to the space manager block 544 for translation to a 
PBA and storage thereof, as will be discussed in further detail later. 

Under the direction of the microprocessor block 524, data and other information are written into 
or read from a storage area, identified by the PBA, within one of the flash memory devices 510- 
512 through the flash controller block 532. The information stored within the flash memory 
devices may not be overwritten with new information without first being erased, as earlier 
discussed. On the other hand, erasure of a block of information (every time prior to being 
written), is a very time and power consuming measure. This is sometimes referred to as erase- 
before-write operation. The preferred embodiment avoids such an operation by continuously, 
yet efficiently, moving a sector (or multiple sectors) of information, within a block, that is being 
re-written from a PBA location within the flash memory to an unused PBA location within the 
memory unit 508 thereby avoiding frequent erasure operations. A block of information may be 
comprised of more than one sector such as 16 or 32 sectors. A block of information is further 
defined to be an individually-erasable unit of information. In the past, prior art systems have 
moved a block stored within flash memory devices that has been previously written into a free 
(or unused) location within the flash memory devices. Such systems however, moved an entire 
block even when only one sector of information within that block was being re-written. In other 
words, there is waste of both storage capacity within the flash memory as well as waste of time 
in moving an entire block's contents when less than the total number of sectors within the block 
are being re-written. The preferred embodiments of the present invention, as discussed herein, 
allow for "moves" of less than a block of information thereby decreasing the number of move 
operations of previously-written sectors, consequently, decreasing the number of erase 
operations. 

Referring back to Fig. 10, it is important to note that the SPM RAM block 548 maintains 
a table that may be modified each time a write operation occurs thereby maintaining the LBA- 
PBA mapping information and other information regarding each block being stored in memory 
unit 508. Additionally, this mapping information provides the actual location of a sector (within 
a block) of information within the flash memory devices. As will be further apparent at least a 
portion of the information in the mapping table stored in the SPM RAM block 548 is 
"shadowed" (or copied) to memory unit 508 in order to avoid loss of the mapping information 
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v*„,„ U ,„ y ^ lstat ^ or ^ ^^^^^^^ 
volafile memory for maintaining the „app fa g ^ ,„ ^ 
•b. W is restored, the portion of to ^ ^ ^ 

MraferredtoftcSPMRAMblock548. O-umiiusis 
I. W be now. tha the SPM RAM block 54, may te „_ 

memory, such a, n the ,„ of « or EEPROM memory „ ^ 

mapputg ^ « be ^ ^ ^ ^ moidtoe ^ ^. 

memory will be clearly tr~ : — -— J 



When one o, mote sectors a* being moved ^ one „, „ f ^ ^ ^ 
*. pmferred embodb^nt „f the present invenfion first move, the sec^s, fa. * 

rr^T *" " — , in *• flash memMy *** ie - 5i0 - 512 ' - - ram 

Lm b 1 w swrage ^ ™ e — 4 — •» - - *- <— 

RAM block 522 to a free am. with* m of „. flash ^ ^ „ „ 

«ta *. M memory devices 5.0-312 along with the da* as is other information, such as 
the LB A corresponding to the data and flag fields. 

Rsll - 21 ^P"«^'o^»ex»mplesofd,. a ate„fatable 700inSPMRAM 
lock 54, conftgur* „ store LBA-PBA .napping inform*™ for identification and locadon „ f 
locks (and sectors within the Hocks, within the memo* unit 508. Table 700 in all of these 
figures is shown to include an amy of co,umns am, rows with th. coluntns inclnding virtual 
phystcu, block address locations or VPBA block address locations 702, move virtue, physical 
address mentions or MVPBA block address locations 704, move flag locafions 706, used/free 
flag locafions 708. old/new flag logons 7,0. defect flag locafions 712 and se«or move sUbts 



H« rows of m e indude PBA/LBA rows 716, 718 throngh 728 with each row having a 
row number that may be either an LBA or a PBA depending upon the information that is being 
«M the table 700. For example, row 7,6 is shown as being assigned row numb! 
00 andtfRBAudbtmafioninassocWonwithLBA W is being renieved from We 700 then 
LBA W nay be addressed in SPM RAM block 548 at row 716 . oWain the associated PBA 

^™no.onfi*ofi^h^if !t ^ W b ma ,„ n>s ^ B ^^ 70fr7IJi a 

block tsbemg accessed, the row numbers of rows 716 - 728, such as W, -10- '20' -30' '40' 
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'50'. 'N-l ' represent PBA, as opposed to LBA, values. Furthermore, each row of table 700 may 
be thought of as a block entry wherein each entry contains information regarding a block. 
Furthermore, each row of table 700 may be addressed by an LBA. 

In the preferred embodiment, each block is shown to include 16 sectors. This is due to 
the capability of selectively erasing an entire block of 16 sectors (which is why the block size is 
sometimes referred to as an "erase block size". If an erase block size is 16 sectors, such as 
shown in Figs. 11-21, each block entry (or row) includes information regarding 16 sectors. Row 
716 therefore includes information regarding a block addressed by LBA '00' through LBA '15' 
(or LBA '00' through LBA 'OF' in Hex. notation). The next row, row 71 8, includes information 
regarding blocks addressed by LBA '16' (or '10' in Hex.) through LBA '31' (or 'IF' in Hex.) 
The same is true for PB As of each block. 

It should be noted however, other block sizes may be similarly employed. For example, 
a block may include 32 sectors and therefore have an erase block size of 32. In the latter 
situation, each block entry or row, such as 716, 718, 720..., would include information regarding 
32 sectors. 

The VPBA block address locations 702 of table 700 stores information generally 
representing a PBA value corresponding to a particular LBA value. The MVPBA block address 
locations 704 store information representing a PBA value identifying, within the memory unit 
508. the location of where a block (or sector portions thereof) may have been moved. The move 
flag locations 706 store values indicating whether the block being accessed has any sectors that 
may have been moved to a location whose PBA is indicated by the value in the MVPBA block 
address location 704 (the PBA value within 704 being other than the value indicated in VPBA 
block address 702 wherein the remaining block address information may be located). The 
used/new flag location 708 stores information to indicate whether the block being accessed is a 
free block, that is, no data has been stored since the block was last erased. The old/new flag 
location 710 stores information representing the status of the block being accessed as to whether 
the block has been used and re-used and therefore, old. The defect flag location 712 stores 
information regarding whether the block is defective. If a block is declared defective, as 
indicated by the value in the defect flag location 712 being set the defective block can no longer 
be used. Flags 708-712 are similar to the flags 110-1 14 shown and described with respect to 
Fig. 1.- 
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Sector move status location 714 is comprised of 16 bits (location 714 includes a bit for 
each sector within a block so for different-sized blocks, different number of bits within Location 
714 are required) with each bit representing the status of a sector within the block as to whether 
the sector has been moved to another block within the memory unit 508. The moved block 
locanon within the memory unit 508 would be identified by a PBA that is other than the PBA 
value in VPBA block address location 702. Said differently, the status of whether a sector 
within a block has been moved, as indicated by each of the bits within 714, suggests which one 
of either the VPBA block address locations 702 or the MBPBA block address locations 704 
maintain the most recent PBA location for that sector. 

Referring still to Fig. 1 1 , an example of the status of the table 700 stored in SPM RAM 
block 548 (in Fig. 10) is shown when, by way of example, LBA '0' is being written As 
previously noted, in the figures presented herein, a block size of sixteen sectors (number (MS in 
decimal notation or 0-10 in hexadecimal notation) is used to illustrate examples only. Similarly 
N blocks (therefore N LBAs) are employed, numbered from 0 - N-l. The biock size and the 
number of blocks are both design choices that may vary for different applications and may 
depend upon the memory capacity of each individual flash memory device (such as 510 - 512) 
: being employed. Furthermore, a preferred sector size of 512 bytes is used in these examples 
- whereas other sector sizes may be employed without departing from the scope and spirit of the 
present invention. 



that the operation of writing to LBA "0' is occurring after initialization or 
system power-up when all of the blocks within the flash memory devices 510-512 (in Fig. 10) 
have been erased and are thus free. The space manager block 548 is likely to determine that the 
next free PBA location is W. Therefore, '00' is written to 730 in VPBA block address 702 of 
row 716 wherein information regarding LBA '0' is maintained, as indicated in table 700 by LBA 
row number '00'. Since no need exists for moving any of the sectors within the LBA 0 block, 
the MVPBA block address 704 for row 716, which is shown allocation 732 may include any 
value, such as an initialization value (inFig. 11, 'XX' is shown to indicate a "don't care" state). 

The value in 734 is at logic state '0' to show that LBA '0' block does not contain any 
moved sectors. Location 736 within the used flag 708 column of row 716 will be set to logic 
state T indicating that the PBA '0' block is in use. The state of location 738, representing the 
old flag 710 for row 716, is set to '0' to indicate that PBA '0' block is not "old" yet. Location 
w * logic state '0' indicating that the PBA '0' block is not defective and all of the bits 
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in move status location 714 are at logic state '0' to indicate that none of the sectors within the 
LBA '0* through LBA '15' block have been moved. 

In Fig. 1 1, the status information for LBA '0' in row 716, such as in move flag location 
706, used flag location 708, old flag location 710, defect flag location 712 and move status 
location 714 for all remaining rows, 716-728, of table 700 are at logic state '0*. It is understood 
that upon power-up of the system and/or after erasure of any of the blocks, the entries for the 
erased blocks, which would be all blocks upon power-up, in table 700, are all set to logic state 
l 0\ 

At this time, a discussion of the contents of one of the flash memory devices within the 
memory unit 508, wherein the LBA '0' block may be located is presented for the purpose of a 
better understanding of the mapping information shown in table 700 of Fig. 1 1 . 

Turning now to Fig. 22. an example is illustrated of the contents of the flash memory 
device 510 in accordance with the state of table 700 (as shown in Fig. 11). LBA *0\ which 
within the memory unit 508 is identified at PBA '0' by controller 506 (of Fig. 10) is the location 
wherein the host-identified block is written. A PBAO row 750 is shown in Fig. 22 to include 
data in sector data location 752. An ECC code is further stored in ECC location 754 of PBAO 
row 750. This ECC code is generated by the ECC logic block 540 in association with the data 
being written, as previously discussed. Flag field 756 in PBAO row 750 contains the move, 
used, old and defect flag information corresponding to the sector data of the block being written. 
Fn this example, in flag field 756, the "used" flag and no other flag is set, thus, flag field 756 
maintains a logic state of '0100' indicating that PBA '0' is "used" but not "moved", "old" or 
"defective 11 . 

PBAO row 750 additionally includes storage location for maintaining in LBA address 
location 758, the LBA number corresponding to PBA '0', which in this example, is '0'. While 
not related to the example at hand, the remaining PBA locations of LBA '0' are stored in the 
next 15 rows following row 750 in the flash memory device 510. 

It will be understood from the discussion of the examples provided herein that the 
information within a PBA row of flash memory device 510 is enough to identify the data and 
status information relating thereto within the LBA '0' block including any moves associated 
therewith, particularly due to the presence of the "move" flag within each PBA row (750, 762, 
764, . . .) of the flash memory. Nevertheless, alternatively, another field may be added to the first 
PBA row of each LBA location within the flash, replicating the status of the bits in the move 
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status location 714 of the corresponding row in table 700. This field is optionally stored in 
sector status location 760 shown in Fig. 22 to be included in the first PBA row of. each LBA 
block, such as row 750, 780 and so on. Although the information maintained in location 760 
may be found by checking the status of the W" flags within the flag field, 756 «f p BA 
row. an apparent advantage of using location 760 is that upon start-up (or power-on) of the 
system, the contents of table 700 in SPM RAM block 548 may be updated more rapidly due to 
fewer read operations (the reader is reminded that table 700 is maintained in SPM RAM 548 
which is volatile memory whose contents are lost when the system is power-down and needs to 
be updated upon power-up from non-volatile memory, i.e. memory unit 508). 

That is. rather than reading every PBA row (altogether 16 rows in the preferred exam pl e) 
to update each LBA entry of the tab!e 700 upon power-up, only the first PBA row of each LBA 
must be read from flash memory and stored in SPM RAM 548 thereby saving time by avoiding 
needless read operations. On the other hand, clearly more memory capacity is utilized to 
maintain 16 bits of sector status information per LBA. 

In the above example, wherein location 760 is used, the value in sector status location 
760 would be all '0's (or 4 0000' in hexadecimal notation). 

In flash memory device SlO. each of the rows 750, 762, 764, 768.., is a PBA location 
with each row having a PBA row number and for storing data and other information (data and 
other information are as discussed above with respect to row 750) for a sector within a block 
addressed by a particular LBA. Furthermore, every sixteen sequential PBA rows represents one 
block of information. That is. PBA rows 750. 762. 764 through 768, which are intended to show 
1 6 PBA rows correspond to LBA 0(shown as row 716 in table 700 of Fig. 1 1) and each of the 
PBA rows maintains information regarding a sector within the block. The next block of 
•nformation is for the block addressed by LBA MO' (in Hex.) whose mapping information is 
included in row 718 of table 700, and which is stored in locations starting from M0* (in 
hexadecimal notation, or M6' in decimal notation) and ending at 'IF (in hexadecimal notation, 
or "3 1 ') in the flash memory device 5 10 and so on. 

Continuing on with the above example, Fig. 12 shows an example of the state of table 
700 when LBA 0 is again being written by the host. Since LBA 0 has already been written and 
is again being written without first being erased, another free location within the memory unit 
508 (it may serve helpful to note here that the blocks, including their sectors, are organized 
sequentially and continuously through each of the flash memory devices of memory unit 508 



19 



WO 99/18509 PCT/US98/21107 
according to their PBAs such that for example, the „ ext flash memory device following device 
510 picks up the PBA-addressed blocks where flash memory device 510 left off, an example of 
this is where flash memory device 510 includes PBAs of 0-FF (in Hex.) and the next flash 
memory device, which may be 512, may then include 100-IFF (in Hex.)) is located by space 
manager 544 for storage of the new information. This free location is shown to be PBA '10' (in 
Hexadecimal notation, or 16 in decimal notation). In row 718, where the entries for LBA '10' 
will remain the same as shown in Fig. 1 1 except the used flag in location 742 will be set (in the 
preferred embodiment, a flag is set when it is at logic state T although the opposite polarity 
may be used without deviating from the present invention) to indicate that the PBA ' 10' is now 
"in use". 

The entries in row 716 are modified to show 1 1 0' in MVPBA block address location 732. 
which provides the PBA address of the moved portion for the LBA '00' block. The move flag in 
location 734 is set to logic state T to indicate that at least a portion (one or more sectors) of the 
LBA '00' block have been moved to a PBA location other than the PBA location indicated in 
location 730 of table 700. Finally, the bits of the move status location 714 in row 716 are set to 
' 1000000000000000' (in binary notation, or '8000' in hexadecimal notation), reflecting the 
status of the moved sector? within the block LBA '00'. That is, in this example, '8000' indicates 
that the first sector, or sector '0', within LBA '00* block has been moved to a different PBA 
location. 

Referring now to Fig. 22. the state of table 700 in Fig. 12 will affect the contents of the 
flash memory device 510 in that the moved sector of the LBA '0' block will now be written to 
PBA -10' in row 780. Row 780 will then include the data for the moved sector, which is 512 
bytes in size. With respect to the moved sector information, row 780 further includes ECC code, 
a copy of the values in flag locations 734 - 740 of table 700 (in Fig. 12), and LBA '00' for 
indicating that the data in row 780 belongs to LBA '00' and may further include the move status 
for each of the individual sectors within the LBA '0* block. 

While not specifically shown in the figure, the move flag within location 756 of PBA 
row 750 is set to indicate that at least a portion of the corresponding block has been moved. The 
value stored in the move status location 714 of row 716 (in Fig. 12), which is '8000' in Hex., is 
also stored within location 760 of the row 750. As earlier noted, this indicates that only sector 
*0' of PBA '0' was marked "moved" and the new block LBA '0' was written to PBA '10' in 
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in that block has been moved to PBA '30' in the flash memory device 5)0. 

Row 718 remains the same until it is erased. The flags m locations 742 and 744 are set 
■o logic state '0-. Row 720 also remains tmchanged except for the valne in its old flag 7,0 
colnmn being modify to • , ' to show ma. ft. block of PBA '20' is also old and can not be nsed 
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circle drawn around the value that has changed, which is only one change. 
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When writing to LB A '5', it should be understood that the LBA entries of rows 716, 718, 
720, etc. are only for LBA '00', LBA '10', LBA '20', so on, and therefore do not reflect an LBA 
'5' entry. The reader is reminded that each of the LBA row entries is for a block of information 
with each block being 16 sectors in the preferred embodiment For this reason, LBA '5' actually 
5 addresses the fifth sector in row 716. Since PBA '20' was used to store LBA '0', only the sector 
within PBA '20\ corresponding to LBA '5', is yet not written and "free". Therefore, the data 
for LBA '5' is stored in PBA '20' in sector '5'. The move status location 714 of row 7 1 6 will be 
modified to logic state '8400' (in Hex. Notation). This reflects that the location of the first and 
fifth sectors within LBA '0' are both identified at PBA '20' in the flash memory device 510. 

1 0 The remaining values in table 700 of Fig. 1 5 remain the same as those shown in Fig. 13. 

Figs. 16-18 show yet another example of what the state of table 700 may be after either power- 
up or erasure of the blocks with the memory unit 508. In Figs. 16 and 17, the same write 
operations as those discussed with reference to Figs. 1 1 and 12 are performed. The state of table 
700 in Figs. 16 and 17 resembles that of Figs. 1 1 and 12, respectively (the latter two figures have 

1 5 been re-drawn as Figs. 1 6 and 1 7 for the sole convenience of the reader). Briefly, Fig. 1 6 shows 
the state of table 700 after a write to LBA '0* and Fig. 17 shows the state of table 700 after 
another write to LB A ' 0 ' . 

Fig. 18 picks up after Fig. 17 and shows the state of table 700 after the host writes to 
LBA '5\ As indicated in Fig. 18. LBA *5' has been moved to PBA '10' where LBA '0' is also 

20 located. To this end. MBPBA block address location 732 is set to '10' in row 716 and the move 
flag is set at location 734 in the same row. Moreover, the state of move status location 714 in 
row 7 1 6 is set to ■ 8400* (in Hex. ) indicating that LBA '0' and LBA ' 5 ' have been moved, or that 
the first and fifth sectors within LBA '00' are moved. Being that these two sectors are now 
located in the PBA '10' location of the flash memory device 510, the move flag for each of the 

25 these sectors are also set in the flash memory device 510. It should be understood that LBA '5' 
was moved to PBA ' 1 0' because remaining free sectors were available in that block. Namely, 
even with LBA "0' of that block having been used, 15 other sectors of the same block were 
available, from which the fifth sector is now in use after the write to LBA '5'. 

Continuing on with the example of Fig. 18, in Fig. 19, the state of the table 700 is shown 

30 after the host writes yet another time to LBA '0'. According to the table, yet another free PBA 
location, '20\ is found where both the LBA '5' and LBA '0' are moved. First, LBA *5' is 
moved to the location PBA '10' to PBA '20' and then the new block of location LBA '0' is 
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a block. This is demonstrated as fellows: For , block having ,6 sectors, when 8 of m. sectors 
are moved inn, another block, the "originaT biock and tine "moved" block (the block in which 
the moved sectors reside) are combined into the same PBA block. The combtaed PBA block 
may be stored in a - block altogether or, alternative,,, the "originaT block may be combined 
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with and moved into the "moved" block. In the latter case, the ''original" block is then marked as 
"old" for erasure thereof. If the combined PBA block is stored in a new block, both of the 
''original" and the "moved" blocks are marked as "old". 

Fig. 23 depicts a general flow chart outlining some of the steps performed during a write 
5 operation. It is intended to show the sequence of some of the events that take place during such 
an operation and is not at all an inclusive presentation of the method or apparatus used in the 
preferred embodiment of the present invention. 

The steps as outlined in Fig. 23 are performed under the direction of the microprocessor 
block 524 as it executes program code (or firmware) during the operation of the system. 
1 0 When the host writes to a block of LB A M, step 800, the space manager block 544. in step 802, 
checks as to whether LBA M is in use by checking the state of the corresponding used flag in 
table 700 of the SPM RAM block 548. If not in use, in step 804. a search is performed for the 
next free PBA block in memory unit '508. If no free blocks are located, an "error" state is 
detected in 808. But where a free PBA is located, in step 806, its used flag is marked (or set) in 
1 5 table 700 as well as in flash memory. In step 81 0, the PBA of the free block is written into the 
VPBA block address 702 location of the corresponding LBA row in table 700. 
Going back to step 802, if the LBA M block is in use, search for the next free PBA block is still 
conducted in step 8 1 2 and upon the finding of no such free block, at 8 14, an "error" condition is 
declared. Whereas, if a free PBA location is found, that PBA is marked as used in table 700 and 
20 flash memory, at step 816. Next, in step 818, the state of the block is indicated as having been 
moved by setting the move flag as well as the setting the appropriate bit in the move status 
location 714 of table 700. The new location of where the block is moved is also indicated in 
table 700 in accordance with the discussion above. 

Finally, after steps 81 8 and 8 10. data and all corresponding status information, ECC code 
25 and LBA are written into the PBA location within the flash memory. 

As earlier indicated, when a substantial portion of a block has sectors that have been 
moved (in the preferred embodiment, this is eight of the sixteen sectors), the block is declared 
"old" by setting its corresponding "old" flag. Periodically, blocks with their "old" flags set, are 
erased and may then be re-used (or re-programmed, or re-written). 
30 As can be appreciated, an advantage of the embodiments of Figs. 10-23 is that a block 

need not be erased each time after it is accessed by the host because if for example, any portions 
(or sectors) of the block are being re-written, rather than erasing the block in the flash memory 
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devices or moving the entire block to a free area within the flash, only the portions that are being 
re-written need be transferred elsewhere in flash, i.e. free location identified by MVPA block 
address. In this connection, an erase cycle, which is time consuming is avoided until later and 
time is not wasted in reading an entire block and transferring the same. 

Improvements to the various embodiments of the present invention, as described thus far, 
are hereinafter disclosed for efficiently tramferrmg single sectors that are addressed in sequential 
order by the host and that are also being re-written under the direction of the controller 506 (in 
Fig. 10). As will be apparent to those skilled in the art. while such improvements include 
moving sectors within a block from a first area within the nonvolatile memory to an unused area 
within the nonvolatile memory, there is less storage area utilized within the controller thereby 
providing a smaller and less expensive solution. Specifically, the need for maintaining: 1) 
MBPBA block address locations 704 and sector move status locations 714 (shown in Figs. 1 1- 
21) within the SPM RAM block 548 of the controller 506 (shown in Fig. 10); and 2) sector 
status locations 760 for every block in the memory unit 508 (shown in Fig. 10), as disclosed 
hereinabove with respect to the embodiment of Figs. 10-23, is avoided. Furthermore, the number 
of operations necessary for performing such sequential single sector moves is substantially 
,. decreased thereby yielding higher system performance. 

One embodiment of such an improvement of the present invention, is shown in flow 
chart form in Figs. 24-26, to utilize the digital system 500 of Fig. 10 to reduce the number of 
read and write cycles associated with re-writing single sectors which are arranged in sequential 
order. 

In systems such as digital cameras, for example, wherein the digital system 500 of the 
present invention may be employed, the host 502 (in Fig. 10), under the direction of the 
controller 506. commonly transfers a large quantity of information in the form of picture frames 
with each frame typically having 1648 sectors for storage within the flash memory unit 508. In 
such applications, information received by the controller 506, from the host 502, is generally 
arranged in sectors that are in sequential order. For example, as will be discussed through 
examples provided hereinbelow, the host may command the controller to store data in sectors 
addressed LBA 5 through LBA 15. As will be apparent shortly, the improved embodiments of 
the present invention, take advantage of the sequential addressing of sectors by the host when 
such sectors are being re-accessed in such a way as to avoid unnecessary sector transfers while 
yet avoiding the need for erase-before-write operations. As stated above, such an improvement 
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utilizes the structure shown in Fig. 10 in conjunction with the method of Fig, 24 -26 outlined in 
flow chart form. 

Most of the Steps outlined in Figs. 24-26 are performed by the microprocessor block 524 
-ncluded within the controller 506 of Fig. ,0. The microprocessor block 524 executes 
.nstructions that are stored in the microprocessor RAM block 530 for performing most of the 
steps outlined in Fig, 24-26. It should, however, be obvious to those of ordinary skill in the art 
that these steps may be performed by hardware means rather than by the microprocessor. 

Fig. 27 shows an example of what the contents of a look-up table 1030 stored in the SPM 
RAM block 548 may maintain. Table 1030 is formed of an array of volatile storage locations 
(RAM) organized in LBA/PBA rows and columns. Each row is addressed by a nine-bit LBA 

value. LBA row address 1032. such as LBA 0, 1, 2, 3 n-I. The number of rows is a function 

of the memory capacity afforded by the memory unit 508. For example, a memory capacitv 
within the nonvolatile memory unit 508 of at least 4 Mbytes can store 500 blocks (each block 
having 16 sectors and each sector being 512 bytes) therein and 500 blocks require 500 rows in 
the table 1030. The columns of table 1030 comprise of a nine-bit block address 1034, a 'defect' 
flag 1036, a -used* flag 1038 and an 'old' flag 1040 for indicating the status of each block within 
the memory unit 508 (the reader is reminded that an LBA value is used to address a sector of 
information received from the host while a PBA, developed by the controller, is used to address 
a sector of information within a multi-sectored block that is stored in the memory unit 508). 

For ease of understanding, the flow chart of Figs. 24-27 is discussed with reference to the 
contents of table 1030. as shown in Fig. 27. as well as examples of the contents of table 1030. as 
shown in Figs. 28-40. 

In Fig. 24. step 1000 is shown to include a command sent from the host 502 to the 
controller 506 for writing a sector of information to the memory unit 508. The sector of 
information is addressed by the host and this host-provided address is transformed to an LBA 
value, i.e. LBA X, by the controller. As discussed hereinabove with respect to other 
embodiments of the present invention, the host interface block 520 receives the host command, 
including sector information and address, and develops LBA X therefrom for addressing an 
LBA/PBA row within the table 1 030 in Fig. 27. 

LBA X is developed from an address provided by the host that may be either in LBA 
format or CHS format, in which case it is transformed to an LBA format. The LBA address is 
16 bits in the preferred embodiment but is four least significant bits (LSBs) are masked and the 
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u*d ,o address to LBA/PBA rows of table 1030 „ 1032 . Ntae biB ^ for ^ 
addressmg to address ,00 in the I03 „. AlunmMy ^ ' 

.ffemnt capamty and other nmnhers „ f bIocksm uuliaed. a corresponding ^ „ ^ „ 

■ ^'-^.0.^,00,00.^00^0,0^ 

number of secmrs. Consist ta* of M „ ^ ^ ^ 

b* wou, „ ta 0,0 address insmod of the current 4 Mts as perfcrmed by the s ystt m 

F ^--a^ofir J on Mi o„ i sor 8a , zcdloillolu<ieauser 
' -M-i. t , B ^ -11(-lli(ttEtlllitaiittem 

may bo former aorod with flog and address information i. the manor, unit 508 

W rof T 10 ^ " P °" ° f "* 3 — -* * te ta ^ ** 

1002. compares th, address of <ho seo«or being aocessed, i.e. LBA X to a PREV LBA seemr 
address *e later having been previa, amd h . SKnse ^ ^ „ . „ 
moved LBA register .054 in lofcr figures), wiftin o M microprocessor Mock 524. If LBA X and 
PREV_LBA are eqnal. sKp ,004. the wrfle command from the hos. is a sequential wn* 
■ Wd and the microprocessor Moo* 524 ohecks . » „hed*r „ Ora, is addressed by 
LBA X has been written ,o preyionsly by checking the VPBA. which is a nine-bi, address of the 
h oc assigned to a corresponding LBA (as wffl he explained flutter) and the contents of the 
block address ,034 of SPM RAM block 548. 

MMe ^P leif LBA5w»so„mma^ed t obewrit tt „by,hehos t ,0 1 ofonrLSBs„ffte 
taary notaflon of the nunber - J- wonld be masked reouhing i. <he value '0' and in Fig 27 the 
VPBA block address 1034 corresponding to LBA 0, which in this ease is se, to 'IFF' indicating 
» Mock is no, v« used, would he checked. » *. VPBA is valid, i,. is a value other than al, 
one s ( 'FF' in Hex.,, the microprocessor Mock 524 checks a moye pending flog, which is o bi, 
and when set indicates that informal is stored by fc micmpmcesso, ^ move 
may be optionally stored in the SPM RAM Mock 548. as shown in Fig. 27 a, column 10 42 
ms«d of by the microprocessor. Ik. decision as to whore me pending move fog may be stored 
» a destgn choice ahhough i, should be noted «ha, the pending move flag, wflemer anred in ft. 

only be one block ft. is i„ ft, ^ ofheing ^ m ^ fc 
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memory unit 508 to another location therein and the move pending flag indicates whether or not 
such a block move is pending. It should be obvious to those of ordinary skill in the .art that in 
alternative embodiments, more than one block may be pending a move. However, in such an 
implementation, the microprocessor must keep track of more LBAs and more hardware in 
5 needed. The determination as to whether to use one or more than one pending move blocks in a 
matter of design choice. 

In the case where there is a pending block move, i.e. at least one sector of a block that 
has been re-written by the host prior to erasure thereof has been moved to another block within 
the memory unit 508. That is. in Fig. 24. after step 1006, step 1018 follows and LBA X sector 
10 information is written to the block housing the sectors being moved. Thereafter, in step 1020, 
the microprocessor increments LBA X by one and stores this incremented value in the 
PREVJLBA location. 

Referring back to the top of Fig. 24. if LBA X does not match the PREV_LBA at step 
1002. the sector that is being currently accessed by the host is not in sequential order with 

15 respect to the previous sector that was accessed by the host and therefore the entire block of 
information where sectors were previously written need to be transferred to new block location 
to where the old block is being moved. This is shown at step 1022 in Fig. 25. The following 
step is to perform an erase operation of all locations of a block that is located at an address 
corresponding to LBA X in the memory unit 508, step 1024, prior to its re-use. Thereafter, at 

20 step 1026, a move PBA register, which is a storage location for maintaining information 
regarding the location of the block that is in the process of being move, is cleared as is the move 
pending flag and the process resumes from step 1004 in Fig. 24. 

In Fig. 24. if the VPBA at 1 034 that corresponds to LBA X is not valid (or not ' 1 FF* as 
explained above), a search is conducted by the SPM control block 546 (in Fig. 10) for locating a 

25 free block in memory unit 508, as shown in Fig. 26 at step 1028. The 'used' flag corresponding 
to the PBA X location in the flash memory unit 508 is set, indicating that the LBA X block has 
been re-accessed prior to erasure thereof, as shown at step 1029. Later, at step 103 1, the VPBA 
of the located free block is stored in one of the locations of the look-up-table 1030, this location 
being in one of the rows of column 1034 that corresponds to LBA X in Fig. 27. After step 1031 

30 in Fig. 26, the process flows back to step 1016 of Fig. 24. 

'Similarly, in Fig. 24, if the VPBA at 1034 corresponding to LBA X is valid, then the 
move pending flag is checked at step 1006. If the move pending flag was not set at step 1006, a 
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search is conducted forafreeLBA block at step ,008, the pending move flag is set at step l0 10 
the VPBA of the newly-located free block (of step 1008) is stored in a location of the look-up- 
tabie 1030 at step 1012 and the 'used' flag contending to the LBA X block in the memory 
unit 508 is set. 

At step 1016, the VPBA of the newly-located free block is stored in a move PBA register 
by the microprocessor. The move PBA register is shown as 1 052 and the moved LBA register is 
shown as ,054 in Fig. 27. Both of these registers as well as the VPBA block address at 1034 are 
mmalized to the hexadecimal value ' IFF' after initial power-on of the digital system 500 as well 
as after erasure of the moved block. In fact, in the above discussion, with reference to the flow 
charts shown in Fig. 24-26. wherever it is indicated that any of these registers is "cleared" (such 
as in step 1026), that is actually setting the contents of the registers to 'IFF'. 

After step 1016. data that was received by the host to be written to the LBA X block is 
written to the newly-iocated free block in memory unit 508, as shown at step 10,8. LBA X is 
then incremented by one and the incremented value is stored in PREV_LBA at step 1020 
In the manner described above, the preferred embodiment of the present invention avoids having 
to move all of the sectors of a block, the sectors of which are being re-written prior to an erase 
operation, to an unused location in flash when sectors are singly and sequentially addressed by 
the host. This is because each time the next sequential sector is accessed, the block location 
where the most up-to-date, or moved, sectors reside is maintained in the move register PBA 
1052 and since the PREV_LBA value maintains where within the latter block the next sector 
should be written, the write operation is performed using these two parameters without the 
necessity of having to move an entire block. This in turn saves many unnecessarv read write 
and erase operations as required by prior art sy stems . For example, in the prior art svstems. 
when one sector of a block was re-written, 15 read operations and 15 write operations were 
necessarily performed because an entire block of information was moved. The present invention 
however, as will be further evident with the examples provided below, avoids these 1 5 read and 
write operations and only writes the sector being re-written. 

Fig. 28 generally depicts the organization of information within the blocks of the 
memory unit 508. As shown, each block includes sixteen sectors and each sector of a block 
includes a 512-byte location 1056 for storing the user data portion of a sector and a storage 
location 1058 for storing the ECC. Each block, i.e. Block 0, Block 1, ... is addressed using the 
9-bit block address value of 1034 (in Fig. 27) and each sector within the block is addressed using 
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the 4 masked LSB bits discussed above after they are unmasked. The last sector of each block 
further includes a block address location 1060 for storing the 9-bit LBA value for the block in 
which the block address location 1060 resides. For example, the block address location 1060 of 
block 0 will contain the value '0'. the block address location 1060 of block 1 will contain the 
value T, the block address location 1060 of block 2 will contain the value '2' and so forth for 
all blocks. In fact, these values arc the same as the values of the LBA/PBA row address 1032 
(shown in Fig. 27). 

Further included in the last sector storage area of each block is storage location for 
maintaining the' 'defect* flag 1062, the 'used' flag 1064, the 'old' flag 1066 and a 'good' block 
flag 1068. The defect and old flags 1062 and 1066, respectively, correspond to the defect and 
old flags 1036 and 1040 of the SPM RAM look-up-table 1030 (shown in Fig. 27). Each 'used' 
flag corresponds to one sector of a block, therefore, each sector location of each block maintains 
a used' flag location. The reason for having a 'used' flag for each sector in the block is to 
indicate which sectors of the block have been moved or are being written to the move PBA 
location (as indicated by the contents of move register PBA 1052) from the originally- 
maintained LBA location (as indicated by the moved LBA register 1054). This is especially 
useful during moving of an entire block having some sectors that have been moved and others 
that have not. 

For example, when a sector that is non-sequential in order is accessed by the host as 
noted above with reference to Figs. 24-26, an entire sector that was in pending move status is 
moved. In such a case, the microprocessor checks the 'used' flag of each sector within the block 
being moved and only moves the sectors whose 'used' flags are not set because those sectors 
having 'used' flags that are set have already been moved during sequential accesses by the host. 

In an alternative embodiment, rather than utilizing 'used' flags to indicate which sectors 
need be moved, a move locator location that is a word (16 bits) in length is utilized by the 
microprocessor and stored in the microprocessor block 524 to do the same. After the time when 
the pending move flag is set, every time a sector is moved to the move PBA location, a bit 
within the move locator word (shown as 170 in the example of Fig. 29 and on), corresponding 
to the location of the sector within the block is set. Therefore, the move locator word acts as a 
map to the moved sectors of a block and provides a fast way of identifying which sectors of the 
block pending move are in the move PBA location and which are in the moved LBA location. 
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The 'good' block flag 1068 is maintained in the first and last sectors of each block for 
purposes of identifying the location of the block that has the most recent and accurate copy of 
the stored file. After a power interruption, the contents of the memory unit 508 are used to 
update the look-up-table 1030 in the SPM RAM and when a block, for example, was in the 
midst of being moved from a first location within the nonvolatile memory unit 508 to a second 
location within the memory unit 508 prior to when the power interruption occurred, the block 
information is distributed among two blocks that will be addressed by the same LBA. The 
second block where information was being moved can not be relied upon for having good data 
since the move was not completed and the information in the first block may in fact be more 
useful. 

When a block is being moved from a first block to a second block, the last sector of the 
first block is moved to the second block first and the 'good' block flag 1068 of the last sector of 
the second block is set to indicate that that block is 'good', thereafter the next to the last sector 
of the first block is moved to the corresponding location of the second block and so on until all 
of the sectors including the first sector of the first block are moved. Thereafter, the 'good* block 
flag of the first sector of the second block is set to indicate that the second block is 'good'. In 
this respect, if for example, upon the restoration of power, two blocks have the same LBA values 
due to the incomplete transfer of block information from one block to another, the block with the 
accurate information may be identified by checking the status of the two 'good' block flags of 
each block. That is, where a block has two unmatching 'good' block flag values, it was never 
completely transferred and therefore not a good block. If. on the other hand, one of the blocks 
has two matching 'good' block flags that indicate the block is good and the other block has two 
non-matching flags that indicate the block is not good and the pending move flag is set, then the 
microprocessor concludes that the latter block in not good and uses the information in the former 
block as valid information. 

Figs. 29 -40 are provided to show several examples of the contents of the SPM RAM 
look-up-table when various types of LBA accesses for a better understanding of the operation of 
the preferred embodiments as discussed above relative to Figs. 24-28. Initially, upon power-up 
of the system, the values in the block address locations 1034 and the move PBA register and 
moved LBA register contents are all set to 'IFF' in Hex. The flags and the move locator word 
170 are all set to '0'. 
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LBA 1 5, the SPM controller is likely to find W 01 * 0 to be free and the microprocessor will use it 
will contan, the value '0' and the 'used' flag for that block will be set. ' 

' n F * 3 °' ta «— * «" — *r te write only to LBA 5 after the write of 
F.g. 29. in ft* ease, fte hexadecimal notetion of fte value ■, is processed to mask ite 4 LSBs 
■hereby yeldrog the value ■*-. But sftce the ,c«tion LBA 0 wiftin the memory o„ it 508 _ 
wrtnen to in the steps of Fig. 29, fte SPM con«o.,er m „st search for another available freo 
block. Assuming such a block to be at address the eonfroller wil, then write the date that 
was sen, bv the host to be stored as LBA 5 to ,oc«i„n 5 of LBA block 1, which is the sixth 
sector location nocafron 0 being the firs, sector, wiftin b.ock 1. Uten. , hs move ^ ^ 
whtchmav be stored eite in d.emicroproeearor block or aheroadvely in fte SPM RAM look^ 
up-table at location 1 042 will be se, by fte confroUer. 

TTte controller further writes fte address where tee block is being moved to, '001 ■ to fte 
".ove PBA register ,052 aod sets the move pending flag ^ in fc microprocessor 0 * , M2 
I should be noted tat fte move PBA register ,052 may be savri in fte SPM RAM in 
al^nveembcdtae*. The controller ^aosetettte ^. flag ^corresponding to Bktek 1 
,» the SPM RAM look-up-teble 1030 and updates me moved LBA register ,054 to stem . V 
value Moating fta, a, lees, one or more seemm of block 0 ha« been moved elsewhere in fte 
memory nni, 508. ,f move locate, word ,70 is usee, fte controller also updaes fte same to 
indicate that LBA 5 has been moved. 

From hereon, several different events may occur and in each case, the contents of the 
look-up.^ ,030 is clearly different. Fig, 3,-33 iliustrate what the contents of the look-up- 
table ,030 may be after the state shown in Fig. 3, in order to demonstrate the effect of the 
various events. ^ particular, Fig. 31 depicts the contents of ,030 when an LBA which is not in 
blockOis written, Fig. 32 depicts the contents of,030 when the host writes to LBA 5 again and 
F.g. 33 deptcts the contents of 1030 when the host writes to an LBA other than LBA 5 that is 
nevertheless within block 0, i.e. LBA 6. 

In Fig. 3 1, if the host writes to LBA 17, this is clearly outside of block 0 and its a non- 
sequendal sector write since the previous write was to LBA 5. Here again, the 4 LSBs of the 
hexadecimal equivalent of the value ',7' is masked yielding block T. The controller then 
checks the moved LBA register ,054 against T and also checks as to whether the move 
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fl»S « seL Since .he value i„ ,h em()vedLBA . 
P»din« move must be dosed TTiat i, M of „ ' *" " " — * "* *« 

LBA 1 7 to a block in the memory unit 508 The^iew LBA ^^^° UD< ^ * 3n ° r to "'"flog the new 
^-^Hoch^bytoeSPMconto,^ "^"'^^^^ 
Fig ^depiett the case where LBA 5 is again accessed by the host In such a case the 
oau recetveo trom toe host for LBA 5 must bo wri^ iM0 moth „ ^ ^ £ 
regutter 1052 must be updated with the no*. kwt, jj BA 
W for emsm, 1 ™ ** ' *■ ** must be marked as 



luiusi oe mar* 

• thereof, the LBA 5 U wrinen B block 2 which is ftce a „H ■ 

Utere was no otoer sectors wrinen in bicok , „toe,toan S ector5 noctoerse! 

■S.Vj^^rr ,, " , -* fc ------*-~ 

■5 read!, "^^^^^-"^-voidedtoerebyelitohtodn, 
and 15 wrttocyc.es. The confer ^iy se a toe W flag Mn espo^tog J 

d«J nF *?'^^ KttLBA6Hmta ~^^«"iower4bi 0 of 
fto Hex. eotnwUen, of V resulting in '0'. The cctoroller toon checks this value t, • 

r r moved iba ,om - ■* istj ™ 

corresponding to sector 6 for determining whether ™« n , s i. 

whetoerittsfteemruse. W< .H"" ,l "*"**« 
toerelysetttbeco™, „■ ^^'""P^^tena*, 
sector dTth "*™ 170 ^ of 

>• No »^»«'-fl^onstoth.con K n B ofme,„n k . up . tablel030isllccrasaiy 

*. nwked old and toe move PBA regiaer 1053 and toe proved LBA register ,054 are 
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initialized to 'IFF 1 indicating no pending moves. For the same reason, the move locator word 
1 70 is also initialized to '0'. This discussion is depicted in the examples shown in Figs. 34-40. 
Referring to Fig. 40, the status of the look-up-table 1030 is shown when the block has been 
entirely exhausted and the pending move is closed. As shown, the block address 1 034 of LB A 

5 block 0 is now '001 ' and block 0 is marked as 'old* for erasure thereof and registers 1 052 and 
1 054 are shown to have been initialized. 

Although the present invention has been described in terras of specific embodiments, it is 
anticipated that alterations and modifications thereof will no doubt become apparent to those 
skilled in the art. It is therefore intended that the following claims be interpreted as covering all 

1 0 such alterations and modification as fall within the true spirit and scope of the invention. 
What is claimed is: 
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CLAIMS 

'• A method for updaing sector b^nm^ fa ^ 
2 ftnmgh a comrdler to a nonvolatile memory ^ ' ^ ^ ' ^ 

* Ponion ana being ^ ides^. bl lT h ^ ' ** ^ - - 

oca.™ *foia . block ^ idaidaabte by fc « ™ 

Address) whernfo the sector mformation ^ fa , ^ ^ ^ 

a. W« an LBA vaine corresponding to . *" * 

b. developing an LBA block address from the LBA value for addressing a block within 

^^devtcewidnn^ohthesecforprovidedb^hostistobesnned. 

J. comparing me LBA valne with . ^ ^ (pREy L ^ 
whether or not there is a match; determine 

have bjL !T L T PREV - LBA **- f0r ' — to 

Hnv.b^^ondmLBAbioeksinccdml*^^,^^^ 

e. ' f 'l-*-^opem«o„hasbaenpe rf ormed.checkfo g f OT wh«heror W anv„f 
foe sectors of dm block identified by foe LBA block address have been tnmsf „7 
-a. ion within fc memory device m anofoer location £ I 

occnrmnceoffoelasteraaeoperationonfteLBAblock; 

* " ■* °< <«* ** idendfred by foe LBA block address have not been 

«— . fi^ . ^ block ^ fc ^ 

*c bee block being ^=d by a VPBA (VirtM l Physical Block AdC vl 
corresponding to the LBA block; ; 

. t. ^^^^nnadon^n.se^or^^^^^^ 

to the sector location of the LBA block; responding 

h. storing fc VPBA value in a PBA storage locadon for indicanng foe fine block 

'ccat.onw.fofndmmemoryd.vicewbe^foe.ewsecmrinformationresidea. 

i. incrementing the LBA value by one; and 

j. replacing the PREV LBA value *u ■ 

- value with the incremented LBA value, 
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wherein single sequential write operations are performed on a sector of a block that was 
previously written and not yet erased without moving all other sectors of the block. 

2. A method as recited in claim 1 , wherein a move locator value is generated and stored in a 
particular storage location, and further including, after said step of storing the sector information, 
the step of modifying the value of a move locator storage location to indicate the status of which 
sector within the LBA block has been updated by setting a bit in said particular storage location, 
the position of the bit within the move locator value corresponding to the position of the updated 
sector within the LBA block. 



3. A method as recited in claim 1, wherein the sector overhead portion includes a 'used' 
flag that when set indicates that the sector has been written to by the host since the last erase 
operation, and when not set indicates that the sector has not been written to by the host since the 
last erase operation. 

4 A method as recited in claim 3, further comprising after the step of finding, the step of 
setting a 'used* flag of the sector identified by the LBA value. 

5. A method as recited in claim 1, further comprising after the finding step, the step of 
setting a pending move flag for indicating that at least a portion of the block has been moved to 
another location within the memory device. 

6. A method as recited in claim I, further including, the step of storing the VPBA value 
associated with the LBA value in an LBA storage location to indicate the location of the block 
within the memory device wherein the sector information of all sectors addressed by the LBA 
reside. 



7. A method as recited in claim 1, wherein if the comparing step yields no match between 
the LBA value and the PREVLBA value, transferring sector information for all of the sectors of 
the block identified by the LBA value to the block location identified by the VPBA value stored 
in thePBA storage location. 

8. A method as recited in claim 7, wherein the block identified by the LBA value is erased. 
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1 1 vclue corresponding to the host-addressed sector and further operative to generate an LBA 

12 (Logical Block Address) block address from the LBA value for addressing a block within the 

1 3 memory device for storing the sector information; 

14 b. means for comparing the LBA value with a PREV_LB A value; 

15 c. means for checking for a previous write operation to have been performed on the LBA 

16 block since the last erase operation of the LBA block; 

17 d. means for detecting whether or not any of the sectors of the block identified by the 

18 LBA block address have been transferred from one location within the memory device to 

1 9 another location within the memory device since the occurrence of the last erase operation on the 

20 LBA block, means for searching for a free block within the nonvolatile memory device for 
23 storing the sector information, the free block identified by a VPBA value corresponding to the 
22 LBA block: 



23 e. means for storing the sector information within a sector location of the VPBA block 

24 corresponding to the sector location of the LBA block; 

25 f. means for storing the VPBA value in a PBA storage location for indicating the block 

26 location within the memory device wherein the new sector information resides; 

27 g. means for incrementing the LBA by one. and means for replacing the PREV_LBA 

28 value with the incremented LBA value, 

29 wherein single sequential write operations are performed on a sector of a block that was 

30 previously written and not yet erased without the need for moving all other sectors of the block. 
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